The influence of the film thickness and the substrate's refractive index on the surface 6 mode at the superstrate is an important study step that may help clearing some of the 
Introduction

22
In a most relevant report (to a certain extent) Wang et. al. [1] 
27
When the refractive index of the substrate differs from that of the superstrate, however, the 28 superposition of the two waves from both sides of the film leads to travelling SPP waves modulated 29 by a well define non-travelling interference envelope at metal/dielectric interfaces. For a sufficiently 30 thin metallic layer, SPPs formed at the metal/superstrate also interfere with those formed at the 31 metal/substrate within the metal leading to a non-travelling periodic electric polarization inside the 32 film. Note that this report is not concerned with the SPP eigenmodes [3] [4] [5] , but rather it is an 33 investigation on surface wave interference under the forced vibration. The numerical results
34
reported here are exactly those included in chapter 10 of my thesis [6] . However, during the internal 35 review, pre-and post-examination period of my thesis, it was requested that I remove the notions of
36
Lorentz force and periodic transparency. This version of the report has those notions restored and 37 used for explaining the mechanism behind the plasmonic time-crystal and more. 
52
The short introduction above was aimed to highlight some of the key features of surface 53 plasmon polaritons relevant to this report. What will follow is a theoretical study on SPPs launched 54 by a single subwavelength aperture perforated in a silver thin film. 
62
single wavelength. The refractive index of the glass substrate supporting the film was initially set to 63 n1 = 1.52 and the refractive index data for silver was taken from Palik [9] . The film was along the x 64 plane and was illuminated with a normally incident TM wave propagating in the +z-direction from glass substrate. For convenience the air/silver interface is denoted by z = z0. 
70
The corresponding Fast Fourier Transforms (FFT), 
78
In Figure 1 (b), the maximum accumulated charge density at the edge of the cavity, x1 = 25 nm, is
79
labelled Cmax. The decay length of the surface charge density, where the value of the Cmax drop by 1/e,
80
was found to be 10 nm from the edge (or 35 nm from the center). At λ0 = 700 nm, the decay length of
81
an SPP along the silver/air interface is 67 μm [7] . Activities near the slit, therefore, may not be 
92
However, the amplitude of the first peak at x3 is 1.9C0a, where C0a is the DC component of | (x)|,
93
hence the average amplitude of the travelling SPP waves, see Figure 1 
, that included the center mode and the four immediate wavenumbers. The SPP wavelengths were then calculated using λSPP = 1/KSPP, where
For the sake of brevity in notations, let the subscripts "a" and "g" be denoting the association of with λa = 682 nm and λg = 433 nm obtained analytically using equation (1) . Examining the | (x)|, an 109 additional spatial second harmonic were observed in the envelope at both interfaces. The second 110 harmonics in the envelope seems to be the result of superposition of two time-harmonic waves:
where m must be an even integer and Ez>>Ez?. However, the origin of the second term in 
130
Regardless, it was envisaged that by reducing the film thickness, it would be possible for 
142
found to be at the same position as it was for h = 100 nm. For h = {50, 25} nm on a glass substrate, Kg
143
was also found to be at the exact location as it was for the 100 nm thick silver film. In the case of the 144 diamond substrate, λg = 1/Kg = 230 nm, was found to be close to the λg = 246 nm calculated using 145 equation (1) . In all cases, the appearance of an additional peak at the air/silver interface, positioned
at Kg having an amplitude 
156
Note that in order to shift the Kbeat to overlap with the second harmonics observed in the 157 envelope, the required value for the substrate's refractive index was found to be (see Appendix A) 158 n1 = 2.41 at λ0 = 700 nm that corresponds to diamond [13] . A noticeable feature in Figure 3 is the relation between the SPP's decay length, 
Plasmonic Time Crystal
192
With diamond (or glass) substrate, when the film thinness is that of the skin depth, SPPs are no 
229
This scenario is shown in Figure 4 with the periodic arrangement of "0"s when the maximum of , , , ,
233 with "0" remained intact in space. This scenario is also confirmed by numerical results.
235
It 
240
Back to causality, at the first glance it seems it is a simple matter of superposition of two 
263
The potentials V, experienced by electrons in a time crystal and consequently, wave functions ψ and 264 eigen-energies ξ, must naturally be time-dependent: 
280
Hamiltonian in Equation (13) 
Here it is assumed both waves start in phase. This form of the equation is of interest since it
317
separates the terms related to the coherent length, 
328
In the case of two superposed SPP waves at the air/silver interface, the superposition may be 
342
The appendix is an optional section that can contain details and data supplemental to the main 
